Dr K N Brown (National Institute for Medical Research, London) Immunity to Protozoal Infections High immunoglobulin levels, particularly of IgM and IgG (Houba & Allison 1966) , and intense cellular activity (Taliaferro & Mulligan 1937 , Adler 1963 are characteristic responses to most pathogenic protozoa, but because protozoan life cycles are so complex it is extremely difficult to evaluate the specificity and protective effect of these reactions. During the course of a single infection a parasite may appear in many forms which differ in structure, physiology, antigenicity and their location within the host (see review by Brown 1967) . The problem is well illustrated by the life cycle of the malaria parasite. Sporozoites inoculated by mosquitoes invade liver parenchyma cells to produce exo-erythrocytic schizonts. On rupturing, these release short-lived merozoites which penetrate erythrocytes to develop into erythrocytic schizonts or microor macrogametes; the schizont-infected cells ultimately burst to release further merozoites. All these stages have distinctive microscopic and ultrastructural appearance and the immunogenic properties of the sporozoites, exo-erythrocytic forms and erythrocytic forms are known to be different (Richards 1966 , Shortt & Gamham 1948 . Detailed examination of the intracellular stages shows that the position is yet more complicated. Initially the parasitized cell appears structurally normal, but as the parasite develops the internal organization of the host cell is progressively destroyed. In erythrocytes infected with the simian malaria parasite Plasmodium knowlesi, parasite maturation and disruption of the contents of the host cell coincide with the appearance of parasite antigen on the red cell membrane, and the parasitized cells become susceptible to agglutination and opsonization by serum from immune animals. Thus the asexual form is not only immunogenically different from the sporozoite and exo-erythrocytic stages (and possibly gametocyte also), but an erythrocyte containing a mature asexual parasite is affected by antiserum in a way that a red cell containing an immature parasite is not.
This immunogenic diversity is complicated enough, but at least the various forms can be distinguished microscopically and they can to some extent be studied in isolation. The difficulties are further compounded, however, by the capacity of the erythrocytic asexual stage of at least one species of malaria, P. knowlesi, to undergo repeated antigenic variation in a single chronic infection. A succession of antigenically distinct populations develop and each is in turn destroyed by a specific immune response (Brown & Brown 1965 , Brown et al. 1968 ). Variation of this type was first described in African pathogenic trypanosomes by Rodet & Vallet (1906) , and it may well be common to many protozoa.
In view of their extraordinary antigenic diversity and lability, it is hardly surprising that protozoal infections usually result in high immunoglobulin levels and intense cellular activity. By the same token, it is virtually impossible to design experiments capable of evaluating with any degree of confidence how much of this response is parasite specific.
In a purely erythrocytic P. knowlesi infection, the antigenic stimulus by successive antigenic variants plays an undoubted part in the intense humoral and cellular response to this infection. Parasites remain continuously in the blood for many months largely because of their antigenic variability. Nevertheless, recent experiments designed to extend the original observations of Freund et al. (1948) have shown that this response can be profoundly modified by immunizing monkeys with dead schizont-infected cells in complete Freund's adjuvant. When challenged, these monkeys carried parasites for two or three weeks only. In other words, they developed an immunity which completely transcended the parasite's capacity for variation; immunization with incomplete adjuvant or by drug-cured infection was totally ineffective in this respect. Preliminary results indicate that this response by monkeys immunized with Freund's adjuvant is effective against more than one strain of P. knowlesi, although not against another species of malaria, P. inui; a year-long chronic infection did not protect monkeys against challenge with the other P. knowlesi strain. How immunization with complete adjuvant produces this effect is not known but present evidence suggests that classical circulating antibody is not involved. Whether a cell-mediated protective response (British Medical Bulletin 1967) operates has still to be determined. A solution of this problem might provide a clue to one of the many difficulties inherent in the development of any acceptable, effective and practical method ofimmunization against malaria.
